(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 970 815 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.01.2000 Bulletin 2000/02 

(21) Application number: 99305230.7 

(22) Date of filing: 01.07.1999 



(51) Intci7: B41J 2/205, B41J 2/21 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE OK ES Fl FR GB GR IE IT LI LU 


• 


Zhou, Shixin 




MC NL PT SE 




Suwa-shi, Nagano-ken 392-8502 (JP) 




Designated Extension States: 


• 


Otsuki, KoichI 




AL LT LV MK RO SI 




Suwa-shl, Nagano-ken 392-8502 (JP) 


(30) 


Priority: 03.07.1998 JP 20439398 


(74) 


Representative: Sturt, Clifford Mark et al 








Miller Sturt Kenyon 


(71) 


Applicant: SEIKO EPSON CORPORATION 




9 John Street 




Shinjuku-ku, Tokyo 163-0811 (JP) 




London WC1N 2ES (GB) 



(54) Printer and recording medium 

(57) In a conventional printer that enables creation 
of different types of dots having different sizes, banding 
often appears in a certain area where only small-diann- 
etral dots are created. In a multi-value printer that ena- 
bles creation of both a large dot and a small dot, the 
technique of the present invention stores in advance the 
relations between the recording ratios of the large dot 
and the small dot and the tone value into a ROM and 
carries out a multi-valuing process based on the rela- 
tions. In a certain area where only small dots are creat- 
ed, a conspicuous banding often appears when the re- 



cording ratio of the small dot exceeds a certain upper 
limit value. Large dots are accordingly mixed with small 
dots in a specific area where the recording ratio of the 
small dot exceeds the upper limit value. The upper limit 
value depends upon a printing condition including the 
type of a printing medium, so that the recording ratios 
of the respective dots are set corresponding to each 
printing condition. This arrangement enables small dots 
to be used effectively in the range that does not cause 
any conspicuous banding and thereby ensures the high 
picture quality of a resulting printed image. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a printer that 
prints an inr>age with a head having nozzles that enable 
creation of dots having different quantities of ink. 

Description of the Related Art 

[0002] Ink jet printers that create dots with a plurality 
of color inks ejected from a plurality of nozzles formed 
on a head to record an image have been proposed as 
an output apparatus of a computer. The ink jet printers 
are widely used to print images processed by the com- 
puter in a multi-color, multi-tone manner. In such print- 
ers, each pixel is generally expressed by two tones, that 
is, the dot-on stale and the dot-off slate. The image is 
accordingly printed after the halftone processing, which 
is the image processing to enable the tones of original 
image data to be expressed by dispersibility of dots. 
[0003] Multi-value printers, which are ink jet printers 
that enable expression of two or more tones, have re- 
cently been proposed to enrich the tone expression. 
Such printers include a printer that enables expression 
of three or more different densities by changing the 
quantity of ink or the density of ink and a printer that 
enables multi-tone expression by creating a plurality of 
dots in an overlapping manner in each pixel. The half- 
tone processing is still required in such printers, since 
the tone of the original image data is not sufficiently ex- 
pressible in each pixel. 

[0004] In the multi-value printer, it is required to deter- 
mine the recording ratio of each type of dot according 
to the tone value of the original image data in the course 
of the halftone processing. The conventional technique 
sets the recording ratio of each type of dot to appropri- 
ately express a variation in tone value and ensure the 
favorable granularity of the resulting printed image. Es- 
pecially from the viewpoint of the improved granularity, 
there is a tendency of creating a large number of dots 
having a less quantity of ink. 

[0005] In the multi-value printer that changes the 
quantity of ink, however, when a large number of a spe- 
cific type of dot, which has a substantially identical size 
with a recording pitch of dots, banding often appears be- 
cause of the reason discussed below. 
[0006] Fig. 23 shows a state of recording only the spe- 
cific type of dots in a predetermined image area. The 
rectangle shown on the left side of Fig. 23 represents a 
head with five nozzles. The open circles shown on the 
right side represent the specific type of dots. The 
hatched square denotes one pixel. In order to enable 
the whole image area to be filled with dots, the size of 
the specific type of dot is set to be substantially identical 
with or more precisely only a little greater than each side 



of the pixel, that is, the recording pitch of dots. In the 
example of Fig. 23, dots are created at the most ideal 
positions in the respective pixels. In this case, the pre- 
determined image area can be filled uniformly with the 
s dots. 

[0007] In the ink jet printer, the respective nozzles 
generally have different ink ejecting characteristics, 
which cause a deviation of the dot recording positions. 
Fig. 24 shows a state of recording the specific type of 
10 dots with a deviation of the dot recording positions. In 
the illustrated example, ink is ejected in oblique direc- 
tions from the first nozzle and the second nozzle, so that 
the positions of the dots created by the first nozzle and 
the second nozzle are deviated from the expected po- 
sitions. The deviation of the dot recording positions 
causes unevenness of density or banding in the result- 
ing printed image as clearly shown in Fig. 24. In an ex- 
treme case, there is a dropout between adjoining rows 
of dots. 

20 [0008] Fig. 25 shows a state of recording another type 
of dots, which has a greater area than that of the specific 
type of dot, with a deviation of the dot recording posi- 
tions. The symbols in Fig. 25 have the same meanings 
as those explained in Figs. 23 and 24. Since there are 

25 significant overlaps of dots in the example of Fig. 25, the 
dots are expressed by the solid line and the dotted line 
alternately, for the clarity of illustration. There is no prac- 
tical difference between the dots by the solid line and 
the dots by the dotted line. As clearly understood from 

30 the comparison with the example of Fig. 23. the dots 
shown in Fig. 25 have the greater size than each side 
of the pixel or the recording pitch of dots. This increases 
the overlapped area of the adjoining dots and thereby 
makes the unevenness of density, which is due to the 

35 deviation of the dot recording positions, relatively incon- 
spicuous in the example of Fig. 25, compared with the 
example of Fig. 24. In the case of the specific type of 
dot having the substantially identical size with the re- 
cording pitch, even a little deviation of the dot recording 

40 positions makes the banding significantly conspicuous. 
The multi-value printer has been developed to enrich the 
tone expression and enable the high quality printing. 
The occurrence of the banding, which results in lowering 
the picture quality, is thus not negligible. 

45 

SUMMARY OF THE INVENTION 

[0009] The object of the present invention is thus to 
provide a technique that ensures high-quality printing 

50 while reducing the occurrence of banding due to record- 
ing of a specific type of dot in a multi-value printer. 
[0010] At least part of the above and the other related 
objects is attained by a printer with a head having a plu- 
rality of nozzles that enable creation of at least two dif- 

55 ferent types of dots having different sizes. The printer 
determines which of the at least two different types of 
dots is to be created in each pixel according to a printing 
condition and a tone value of Jrnaoe data and creates 
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dots based on a result of the determination with the 
head, thereby printing an innage on a printing medium. 
The printer includes; a memory unit that stores relations 
between the recording ratio of each type of dot and the 
tone value with regard to printing conditions;a printing 
condition input unit that inputs a specified printing con- 
dition; and a decision unit that determines whether or 
not each type of dots is to be created in each pixel, 
based on the recording ratio corresponding to the spec- 
ified printing condition stored in the memory unit. Differ- 
ent values are set to a limit recording ratio of a specific 
type of dot, which is selected among the at least two 
different types of dots and enables independent expres- 
sion of a certain tone value, corresponding to the print- 
ing conditions. The limit recording ratio is specified 
against a limit tone value, at which a recording ratio of 
another type of dot having a greater size than the spe- 
cific type of dot practically starts recording to have a sig- 
nificant value as a recording ratio thereof. 
[0011] It is preferable that the specific type of dot has 
a size that is substantially identical with a dot pitch in 
printing. 

[001 2] It is also preferable that the limit recording ratio 
is set based on a possibility of occurrence of banding. 
[0013] The following describes the relation between 
the recording ratio of the specific type of dot and the 
banding, prior to description of the functions and effects 
of the printer of the present invention. As described 
above with Fig. 24, the banding often appears in the 
case of recording the specific type of dots. The possibil- 
ity of the occurrence of banding depends upon the re- 
cording ratio of the specific type of dot as discussed be- 
low. 

[0014] Fig. 15 shows a state of recording the specific 
type of dots. The open circles in Fig. 15 represent the 
specific type of dots. The example of Fig. 15 regards a 
relatively low recording ratio and there are a large 
number of pixels in which no dot is created. Like the ex- 
ample of Fig. 24, there is a deviation of the dot recording 
positions In the example of Fig. 15. The presence of a 
gap B2, which is ascribed to pixels where no dot is cre- 
ated, makes a gap B1 , w^ich is due to the deviation of 
the dot recording positions, relatively inconspicuous. 
This means that the banding is relatively inconspicuous 
when the specific type of dot has a low recording ratio. 
Fig. 16 shows a state of recording the specific type of 
dots at a little greater recording ratio than that of Fig. 1 5. 
The hatched circles represent newly created dots in ad- 
dition to those of Fig. 15. In this case, the banding B1. 
which is due to the deviation of the dot recording posi- 
tions, is rather conspicuous. 

[0015] The inventors have noted the relation between 
the possibility of the occurrence of banding and the re- 
cording ratio of the specific type of dot and completed 
the present invention. The specific type of dot has a rel- 
atively small size and is not readily recognized with na- 
ked eyes. From the viewpoint of the granularity of a print- 
ed image, it is thus preferable to increase the recording 



ratio of the specific type of dot. As discussed previously, 
however, there is an upper limit in increased recording 
ratio of the specific type of dot to enable recording of the 
specific type of dot without causing any conspicuous 

s banding. In order to record the specific type of dots at a 
recording ratio exceeding the upper limit, it is required 
to mix another type of dots having a greater size than 
that of the specific type of dot at a significant recording 
ratio. The upper limit depends upon the printing condi- 

10 tion. The arrangement of changing the recording ratio 
of the specific type of dot according to the printing con- 
dition reduces the occurrence of banding corresponding 
to the printing condition. 

[0016] The specific type of dot here represents the dot 

IS having a size that is substantially identical with each side 
of the pixel. In the actual state, a variety of other dots 
may also be regarded as the specific type of dot. For 
example, the specific type of dot may be any dot that is 
created alone to express a certain tone value. 

20 [0017] As mentioned above, it is preferable that the 
limit recording ratio is set based on the possibility of the 
occurrence of banding. Namely the limit recording ratio 
is set not to cause any conspicuous banding. The limit 
recording ratio depends upon the printing condition and 

25 is thereby set corresponding to each printing condition. 
[0018] In the printer of the present invention, this ar- 
rangement prevents the occurrence of conspicuous 
banding due to recording of the specific type of dot with 
regard to any printing condition. The technique of setting 

30 the recording ratio of the specific type of dot according 
to the printing condition enables recording of the specific 
type of dot at a maximum recording ratio that is allowa- 
ble in the range where banding does not occur with re- 
gard to the printing condition. Such setting thus prevents 

35 the occurrence of banding and ensures the high picture 
quality of the resulting printed image, while keeping the 
favorable granularity of the printed image, with respect 
to each printing condition. 

[0019] In the printer of the present invention, the re- 
40 cording ratio of the specific type of dot is set correspond- 
ing to each printing condition. This does not mean that 
different recording ratios are set corresponding to all the 
available printing conditions. The recording ratio of the 
specific type of dot is set equal to a preferable value 
45 corresponding to each printing condition by taking into 
account the possible occurrence of banding. The same 
recording ratio may thus be set corresponding to some 
printing conditions. 

[0020] The 'significant recording ratio' in the specifi- 
50 cation hereof means that the recording ratio of another 
type of dot having the greater size than that of the spe- 
cific type of dot affects the banding due to recording of 
the specific type of dot. 

[0021] The dot created by ejecting ink does not al- 
55 ways have the shape of a true circle. In the event that 
dots are created in a shape other than the true circle, 
such as an ellipse, the dot size implies a mean size. In 
the stricter definition, the dot sizgjjieans a size of an 
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equivalent dot of a true circular shape that has an iden- 
tical area with the area of the dot created by ejecting a 
certain quantity of ink. 

[0022] In accordance with one preferable application 
of the printer, the specified printing condition is the size 
of a dot created with a certain quantity of ink on said 
printing nnedium, and the recording ratio of the specific 
type of dot increases with an increase in size of the dot. 
[0023] The size of the specific type of dot created by 
a fixed quantity of ink generally varies with a variation 
in type of printing medium, because of a difference in 
various factors, such as a blot depending upon the 
quantity of ink absorption. The greater dot size causes 
a greater overlap of the adjoining dots and makes the 
banding, which is due to the deviation of the dot record- 
ing positions, relatively inconspicuous. The printing me- 
dium that causes the dot created by a fixed quantity of 
in< lo have the greater size ensures the higher recording 
rato of the specific type of dot without causing any con- 
bptctious bHnong. The printer of the above arrangement 
*>ct^ itio locuidtng ratio of the specific type of dot based 
on ihts chrt-r»c:cristic. The specific type of dots are thus 
c f O'ltcd -it t-.n appropriate recording ratio that is free from 
trie b irxjtnq #iccofding to the size of the dot created by 
ii tixccJ qu.iniry of ink. This arrangement ensures the 
ht:}h qu.*tiTy pftntmg. The fixed quantity of ink may be 
*iny v^tuc iri^l IS commonly used for the purpose of com- 
parison boiwecn various printing media, and is, for ex- 
r<mplo oqiiHl lo the quantity of ink used for creating the 
f^poc (it typo cl dot 

10024] The sue of the dot created by the fixed quantity 
ol ink IS brtSically correlated to the quantity of ink ab- 
sorplon of the printing medium. The correlation is not 
al^vnys expressed as a linear relationship. The record- 
ing ratio ol :ho specific type of dot may be set according 
to the quantity of ink absorption of the printing medium, 
based on ihe correlation. In the printer of the present 
invention the size of the dot created by the fixed quantity 
of ink nrviy bo replaced with the quantity of ink absorption 
of the printing medium. 

[0025] In accordance with one preferable application 
of the present invention, the printer further includes a 
unit that causes each raster line, which is an array of 
dots aligned in one direction on said printing medium, 
to be formed by a plurality of divisional scans with said 
head, and carries out a sub-scan that moves said print- 
ing medium relative to said head in a direction that 
crosses the diieclion of the alignment of dot in the raster 
line, in order to enable each raster line to be formed with 
different nozzles. The specified printing condition is a 
number of divisional scans required for forming each 
raster line, and the recording ratio of the specific type of 
dot increases with an increase in number of divisional 
scans. 

[0026] The printer of this arrangement forms each 
raster line by a plurality of divisional scans with different 
nozzles. The structure of forming each raster line with 
different nozzles causes a variation in deviation of the 



dot recording positions on the raster line according to 
the characteristics of the respective nozzles. This 
makes the banding, which is due to the deviation of the 
dot recording positions, relatively inconspicuous. This is 
5 the general effect exerted in the case where each raster 
line is formed by a plurality of divisional scans. The in- 
crease in number of divisional scans makes the banding 
more inconspicuous. 

[0027] The increase in number of divisional scans to 
to complete each raster line increases the recording ratio 
of the specific type of dot created without causing any 
conspicuous banding. The printer of the above arrange- 
ment sets the recording ratio of the specific type of dot 
based on this characteristic. The specific type of dots 
is are thus created at an appropriate recording ratio that 
is free from the banding, according to the number ot di- 
visional scans to complete each raster line. This ar- 
rangement ensures the high-quality printing. 
[0028] In accordance with another preferable applica- 
tion of the printer, the specified printing condition is a 
printing resolution, and the recording ratio of the specific 
type of dot increases with an increase in printing reso- 
lution. 

[0029] The printing resolution implies the number of 
pixels, where dots can be created, per unit area. In the 
case of a low printing resolution, the positions of record- 
ing the specific type of dot are relatively restricted and 
have a low degree ot freedom. The degree of freedom 
in positions of recording the specific type of dot is height- 
ened with an increase in printing resolution. Fig. 20 
shows an example of dot recording in the case of the 
relatively low degree of freedom in positions of recording 
the specific type of dot. The closed circles represent the 
specific type of dots. The lattices of the broken line rep- 
resent an arrangement of pixels. Fig. 21 shows an ex- 
ample of dot recording the case of a high resolution. The 
example of Fig. 21 has the pixels in the lateral direction 
double the number of the pixels in the example of Fig. 
20. 

[0030] In the case of the low resolution, the dot re- 
cording positions are limited, so that the positional rela- 
tionship between the adjoining dots is relatively restrict- 
ed. This increases the occurrence of the portions in 
which dots are aligned in a regular manner and the por- 
tions where dots face to each other in the vertical direc- 
tion as shown in Fig. 20. These portions make the band- 
ing conspicuous. In the case of the high resolution, on 
the other hand, there is a high degree of freedom in dot 
recording positions. This decreases the occurrence of 
the portions in which dots are aligned in a regular man- 
ner and the like and reduces the occurrence of banding. 
[0031] The recording ratio of the specific type of dot 
created without causing any conspicuous banding in- 
creases with an increase in resolution. The printer of the 
above arrangement sets the recording ratio of the spe- 
cific type of dot based on this characteristic. The specific 
type of dots are thus created at an appropriate recording 
ratio that is free from the banding^^^ccording to the print- 
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ing resolution. This arrangement ensures the high-qual- 
ity printing. 

[0032] In accordance with one preferable ennbodi- 
ment of the printer, the head enables creation of the at 
least two different types of dots having different sizes 
with inks of different densities having an Identical hue, 
and 

the recording ratio of the specific type of dot is set 
for each ink having a different density. 
[0033] The specific type of dots are thus created at an 
appropriate recording ratio that is free from the banding, 
according to the density of ink. This arrangement im- 
proves the picture quality of the resulting printed image. 
[0034] In the printer of the above arrangement, it is 
preferable that the recording ratio of the specific type of 
dot increases with an increase in density of ink. 
[0035] The h igher-density ink is generally used for rel- 
atively high tone values, that is. for relatively dark por- 
tions in the printed image. In such dark portions, before 
the specilic type ol dots are created with the higher-den- 
sity ink, a large number of dots have already been cre- 
ated with the lower density ink of the same hue. Even if 
there is a deviation of the recording positions of the spe- 
cilic type of dots created with the higher-density ink, the 
large number of dots created with the lower-density ink 
of the same hue make the banding inconspicuous. In 
the case where the specific type of dots are created with 
the tower-density ink, on the other hand, the dots of the 
same hue have not been created previously, so that the 
banding is rather conspicuous. 

[0036] The recording ratio of the specific type of dot 
created without causing any conspicuous banding in- 
creases with an increase in density of ink. The printer of 
the above arrangement sets the recording ratio of the 
specific type of dot based on this characteristic. The 
specific type of dots are thus created at an appropriate 
recording ratio that is free from the banding, according 
to the density of ink. This arrangement ensures the high- 
quality printing. 

[0037] In accordance with another preferable embod- 
iment of the printer, the head enables creation of the at 
least two different types of dots having different sizes 
with inks of different hues, and the recording ratio of the 
specific type of dot is set for each ink having a different 
hue. 

[0038] The specific type of dots are thus created at an 
appropriate recording ratio that is tree from the banding, 
according to the hue of ink. This arrangement improves 
the picture quality of the resulting printed image. 
[0039] In the printer having any of the arrangements 
discussed above, a variety of known multi-valuing 
means may be applied for the decision unit that deter- 
mines whether or not a certain type of dot is to be cre- 
ated in each pixel based on the recording ratio. The mul- 
ti-valuing means may adopt the error diffusion method 
or the dither method. 

[0040] Possible applications of the present invention 
other than the printer discussed above include a pro- 



gram that attains the above functions to drive the printer 
and a recording medium in which such a program is re- 
corded. Typical examples of the recording media in- 
clude flexible disks, CD-ROMs, magnetooptic discs. IC 
cards. ROM cartridges, punched cards, prints with bar- 
codes or other codes printed thereon, internal storage 
devices (memories like a RAM and a ROM) and extemal 
storage devices of the computer, and a variety of other 
computer readable media. Still another application of 
the invention is a program supply apparatus that sup- 
plies a computer program, which causes a computer to 
attain the multi-valuing function of the printer, to the 
computer via a communication path. 
[0041] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiment with the accompanying draw- 
ings. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 
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[0042] 



Fig. 1 is a block diagram schematically illustrating 
the structure of a printing system including a printer 
22 as one embodiment according to the present in- 
vention; 

Fig. 2 Is a block diagram illustrating a software con- 
figuration of the printing system; 
Fig. 3 schematically illustrates the structure of the 
printer 22; 

Fig. 4 schematically illustrates the internal structure 
of a print head in the printer 22; 
Fig. 5 shows the principle of dot creation in the print- 
er 22; 

Fig. 6 shows an arrangement of nozzles in the print- 
er 22; 

Fig. 7 shows the principle of creating dots having 
different dot sizes in the printer 22; 
Fig. 8 shows driving waveforms of nozzles in the 
printer 22 and dots created In response to the driv- 
ing waveforms; 

Fig. 9 is a block diagram schematically illustrating 

the internal structure of the printer 22; 

Fig. 10 is a flowchart showing a dot creation control 

routine; 

Fig. 11 is a flowchart showing details of the multi- 
valuing process carried out at step 8200 in the flow- 
chart of Fig. 10; 

Figs. 12A and 12B show examples of dot percent 
tables DT; 

Fig. 1 3 shows the concept of determining the on-off 

state of dots by the dither method; 

Fig. 1 4 shows a dither matrix used for determination 

of the on-off state of the large dot and a dither matrix 

used for determination of the on-of state of the small 

dot; 

Fig. 15 shows a state of rec^^tding small dots at a 
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first dot recording ratio; 

Fig. 16 shows a state of recording small dots at a 
second dot recording ratio; 

Fig. 17 shows a state of recording small dots mixed 
with large dots; 

Fig. 18 is a graph showing a dot percent table set 
according to the printing condition; 
Fig. 1 9 shows a state of recording small dots at the 
second dot recording ratio on a printing medium 
where the dots created by a fixed quantity of ink 
have greater sizes; 

Fig. 20 shows a state of recording small dots at a 
first resolution; 

Fig. 21 shows a state of recording small dots at a 
second resolution; 

Fig. 22 is a graph showing the dot recording ratios 
with regard to the light ink and the deep ink; 
Fig. 23 shows a state of recording small dots without 
any deviation of the dot recording positions; 
Fig. 24 shows a state of recording small dots with 
some deviation of the dot recording positions; and 
Fig. 25 shows a state of recording large dots with 
some deviation of the dot recording positions. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

(1) Structure of Apparatus . 

[0043] Referring now to the drawings, wherein like ref- 
erence numerals designate identical or corresponding 
parts throughout the several views, and more particu- 
larly to Figure 1 thereof, the printing system includes a 
computer 90 connected to a scanner 12 and a color 
printer 22. The computer 90 reads and executes prede- 
termined programs to function as the image processing 
apparatus and in combination with the printer 22 as the 
printing apparatus. The computer 90 includes a CPU 81 , 
which executes a variety of operations for controlling 
processes relating to image processing according to the 
programs, and the following constituents mutually con- 
nected via a bus 80. A ROM 82 stores in advance a va- 
riety of programs and data required for the execution of 
the various operations by the CPU 81 . A variety of pro- 
grams and data required for the execution of the various 
operations by the CPU 81 are temporarily written in and 
read from a RAM 83. An Input interface 84 Is in charge 
of input of signals from the scanner 12 and a keyboard 
14, whereas an output interface 85 is In charge of output 
of data to the printer 22. CRTC 86 controls output of sig- 
nals to a color CRT display 21. A disk controller (DDC) 
87 controls transmission of data to and from a hard disk 
16, a flexible disk drive 15, and a CD-ROM drive (not 
shown). A variety of programs loaded to the RAM 83 
and executed as well as a variety of other programs pro- 
vided in the form of a device driver are stored in the hard 
disk 16. 

[0044] A serial input-output interface (SIO) 88 is also 
connected to the bus 80. The SIO 88 is connected to a 



modem 18 and further to a public telephone network 
PNT via the modem 18. The computer 90 is connected 
with an external network via the SIO 88 and the model 
18 and may gain access to a specific server SV to down- 
5 load the programs required for the image processing in- 
to the hard disk 1 6. Another possible application reads 
the required programs from a flexible disk FD or a CD- 
ROM and causes the computer 90 to execute the input 
programs. 

10 [0045] Fig. 2 is a block diagram illustrating a software 
configuration of the printing system. The computer 90 
executes an application program 95 under a specific op- 
erating system. A video driver 91 and a printer driver 96 
are incorporated in the operating system. Image data 

15 are output from the application program 95 via the print- 
er driver 96 to be transferred to the printer 22. The ap- 
plication program 95, which implements required image 
processing, such as retouching of images, reads an Im- 
age from the scanner 12, causes the input image to be 

20 subjected to the required image processing, and dis- 
plays the processed image on the CRT display 21 via 
the video driver 91. The scanner 12 reads color image 
data from a color original and outputs the color image 
data as original color image data ORG, which consists 

25 of three color components, red (R), green (G), and blue 
(B), to the application program 95. 
[0046] When the application program 95 issues an in- 
struction of printing, the printer driver 96 in the computer 
90 receives the image data from the application program 

30 95 and converts the input image data into signals 
processible by the printer 22 (in this embodiment, multi- 
value signals with respect to four colors, cyan, magenta, 
yellow, and black). In the example of Fig. 2, the printer 
driver 96 includes a resolution conversion module 97, a 

55 color correction module 98, a color correction table LUT. 
a halftone module 99, a rasterizer 100, and a printing 
conditions input module 101. 

[0047] The printing conditions input module 101 in- 
puts printing conditions specified by the user through 

40 operations of the keyboard 1 4 and a mouse (not shown). 
The input conditions are sent to the resolution conver- 
sion module 97and used as parameters for specifying 
the details of the respective processes executed by the 
respective modules in the printer driver 96 as discussed 

45 later The printing conditions that may be specified by 
the user include a specification of whether or not color 
printing is performed and a specification of execution or 
non-execution of printing according to the overlap meth- 
od. The printing by the overlap method forms each 

50 raster line by two or more main scans as is known to the 
ordinary skilled in the art. By way of example, in the con- 
figuration of printing each raster line by two main scans, 
a first main scan prints odd pixels on each raster line 
with some nozzles and a second rrain scan prints even 

55 pixels on the same raster line with different nozzles. In 
the description hereinafter, the number of main scans 
required for forming each raster line is referred to as the 
number of passes. _ i~rr ^ 
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[0048] The resolution conversion module 97 converts 
the resolution of the color image data processed by the 
application program 95, that is, the number of pixels per 
unit length, into the resolution processible by the printer 
driver 96. The image data with the converted resolution 5 
are still image information consisting of three color com- 
ponents, R, G, and B. The color correction module 98 
refers to the color correction table LUT and further con- 
verts the resolution-converted image data with respect 
to each pixel into color data cyan (C), magenta (M), yel- io 
low (Y), and black (K) printable by the printer 22. When 
a printing condition representing non-execution of color 
. printing is specified by the user, the procedure omits this 
color correction process. 

[0049] The color correction data have tone values, for is 
example, in the range of 256 tones. The halftone module 
99 carries out a halftone process to create dots In a dis- 
persed manner and enables the expression of the spec- 
ified tone values by the printer 22. The printer 22 of this 
embodiment is a multi-value printer thai enables crea- 20 
tion of dots having both a greater size and a smaller size 
with a higher-density ink and a lower-density ink as dis- 
cussed later. The halftone module 99 refers to a dot per- 
cent table DT, sets dot recording ratios or dot percents 
of the respective sizes according to the tone values of 2S 
the image data and the printing conditions, and imple- 
ments the halftone processing to attain the dot percents. 
The processed image data are rearranged by the ras- 
terizer 100 to a sequence of data to be transferred to 
the printer 22 and output as final image data FNL. In this 30 
embodiment, the printer 22 only plays a role of creating 
dots based on the image data FNL and does not carry 
out the image processing. In accordance with an alter- 
native application, the printer 22 may, however, carry out 
the image processing as well as the creation of dots. 35 
[0050] The schematic structure of the printer 22 used 
in this embodiment is described with the drawing of Fig. 
3. As illustrated in Fig. 3, the printer 22 has a mechanism 
for causing a sheet feed motor 23to feed a sheet of print- 
ing paper P, a mechanism for causing a carriage nrrator 40 
24 to move a carriage 31 fonvard and backward along 
an axis of a platen 26, a mechanism for driving a print 
head 28 mounted on the carriage 31 to control the ejec- 
tion of ink and creation of dots, and a control circuit 40 
that controls transmission of signals to and from the ^5 
sheet feed motor 23, the carriage motor 24, the print 
head 28, and a control panel 32. 

[0051] The mechanism for reciprocating the carriage 
31 along the axis of the platen 26 includes a sliding shaft 
34 arranged in parallel with the axis of the platen 26 for so 
slidably supporting the carriage 31 . a pulley 38, an end- 
less drive belt 36 spanned between the carriage motor 
24 and the pulley 38, and a position sensor 39 that de- 
tects the position of the origin of the carriage 31 . 
[0052] A black ink cartridge 71 for black ink (Bk) and ss 
a color ink cartridge 72 in which five color inks, that is, 
cyan (CI ). light cyan (C2). magenta (Ml ), light magenta 
(M2), and yellow (Y), are accommodated may be mount- 
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ed on the carriage 31 of the printer 22. A total of six ink 
ejection heads 61 through 66 are formed on the print 
head 28 that is disposed in the lower portion of the car- 
riage 31 , and ink supply conduits 67 (see Fig. 4) are ar- 
ranged upright In the bottom portion of the carriage 31 
for leading supplies of inks from ink tanks to the respec- 
tive ink ejection heads 61 through 66. When the black 
ink cartridge 71 and the color ink cartridge 72 are at- 
tached downward to the carriage 31 , the ink supply con- 
duits 67 are inserted into connection apertures (not 
shown) formed in the respective ink cartridges 71 and 
72. This enables supplies of inks to be fed from the re- 
spective ink cartridges 71 and 72 to the ink ejection 
heads 61 through 66. 

[0053] The following briefly describes the mechanism 
of ejecting ink and creating dots. Fig. 4 schematically 
illustrates the internal structure of the print head 28. 
When the ink cartridges 71 and 72 are attached to the 
carriage 31 , supplies of inks in the ink cartridges 71 and 
72 are sucked out by capillarity through the ink supply 
conduits 67 and are led to the ink ejection heads 61 
through 66 formed in the print head 28 arranged in the 
lower portion of the carriage 31 as shown in Fig. 4. In 
the event that the ink cartridges 71 and 72 are attached 
to the carriage 31 for the first time, a pump works to suck 
first supplies of inks into the respective ink ejection 
heads 61 through 66. In this embodiment, the structure 
of the pump for suction and a cap for covering the print 
head 28 during the suction is not illustrated nor de- 
scribed specifically. 

[0054] An array of forty-eight nozzles Nz (see Fig. 6) 
is formed in each of the ink ejection heads 61 through 
66 as discussed later. A piezoelectric element PE, which 
is one of electrically distorting elements and has an ex- 
cellent response, is arranged for each nozzle Nz. Fig. 5 
illustrates a configuration of the piezoelectric element 
PE and the nozzle Nz. As shown in the upper drawing 
of Fig. 5, the piezoelectric element PE is disposed at a 
position that comes into contact with an ink conduit 68 
for leading ink to the nozzle Nz. As is known by those 
skilled in the art, the piezoelectric element PE has a 
crystal structure that is subjected to mechanical stress 
due to application of a voltage and thereby carries out 
extremely high-speed conversion of electrical energy in- 
to mechanical energy. In this embodiment, application 
of a voltage between electrodes on both ends of the pi- 
ezoelectric element PE for a predetermined time period 
causes the piezoelectric element PE to extend for the 
predetermined time period and deform one side wall of 
the ink conduit 68 as shown in the lower drawing of Fig. 
5. The volume of the ink conduit 68 Is reduced with an 
extension of the piezoelectric element PE, and a certain 
amount of ink corresponding to the reduced volume is 
sprayed as an ink particle Ip from the end of the nozzle 
Nz at a high speed. The ink particles Ip soak into the 
sheet of paper P set on the platen 26, so as to implement 
printing. 

[0055] Fig. 5 shows an arrang emen t of the ink jet noz- 
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2les Nz in each of the ink ejection heads 61 through 66. 
The arrangement of nozzles shown in Fig. 6 includes 
six nozzle arrays, wherein each nozzle array ejects ink 
of each color and includes forty-eight nozzles Nz ar- 
ranged in zigzag at a fixed nozzle pitch k. The positions 
of the nozzles in the sub-scanning direction are identical 
in the respective nozzle arrays. The forty-eight nozzles 
Nz included in each nozzle array may be arranged in 
alignment, instead of in zigzag. The zigzag arrangement 
shown in Fig. 6. however, allows a small value to be set 
to the nozzle pitch k in the manufacturing process. 
[0056] The printer 22 can create three different types 
of dots having different dot sizes with the nozzles Nz of 
a fixed diameter shown in Fig. 6. The following describes 
the principle of such dot creation technique. Fig.7 shows 
the relationship between the driving waveform of the 
nozzle Nz and the size of the ink particle Ip ejected from 
the nozzle Nz. The driving waveform shown by the bro- 
ken line in Fig 7 is used to create standard-sized dots. 
A decrease in voltage applied to the piezoelectric ele- 
ment PE in a division d2 deforms the piezoelectric ele- 
ment PE inthe direction of increasing the cross section 
of the ink conduit 58. contrary to the case discussed pre- 
viously with the drawing of Fig. 5. Due to the restriction 
of the supply rate of ink through the ink supply conduit 
67, the quantity of ink supply becomes insufficient rela- 
tive to the expansion of the ink conduit 68. As shown in 
a state A of Fig. 7, an ink interface Me, which is generally 
ref err ed to as meniscus, is thus slightly concaved inward 
the no77le N? When the driving waveform shown by the 
solid line in Fig. 7 is used to abruptly lower the voltage 
in a division d1, on the other hand, the quantity of ink 
supply becomes more insufficient. The meniscus is thus 
more significantly concaved inward the nozzle Nz as 
shown in a state 'a', compared with the state A. A sub- 
sequent increase in voltage applied to the piezoelectric 
element PE in a division dS causes the ink to be ejected, 
based on the principle described previously with the 
drawing of Fig. 5. As shown In states B and C, a large 
ink droplet is ejected when the meniscus is only slightly 
concaved inward (slate A). As shown in states 'b' and 
'c'. on the other hand, a small ink droplet is ejected when 
the meniscus is significantly concaved inward (state 'a'). 
[0057] Based on the above principle, the dot size may 
be varied according to the rate of change in the divisions 
d1 and d2 where the driving voltage applied to the pie- 
zoelectric element PE is lowered. This embodiment pro- 
vides two different driving waveforms, that is, one for 
creating small dots IP1 having the smallest size and the 
other for creating medium dots IP2 having the interme- 
diate size, based on the relationship between the driving 
waveform and the dot size. Fig. 8 shows driving wave- 
forms used in this embodiment. A driving waveform W1 
is used to create the small dots IP1. whereas a driving 
waveform W2 is used to create the medium dots IP2. 
These two driving waveforms enable two different types 
of dots having different dot sizes, that is, the small dot 
and the medium dot, to be created with the nozzles Nz 



of an identical size. In the printer 22 of this embodiment, 
these driving waveforms are consecutively and period- 
ically output in the sequence of W1 and W2 accompa- 
nied with the movement of the carriage 31 . 
5 [0058] I^rge dots are created by using both the driv- 
ing waveforms W1 and W2 shown in Fig. 8. The lower 
part of Fig. 8 shows the process of hitting an ink droplet 
IPs for the small dot and an ink droplet IPm for the me- 
dium dot ejected from the nozzle against the printing pa- 
10 per P When both the small dot and the medium dot are 
created in response to the driving waveforms of Fig. 8, 
a greater quantity of ink is supplied to the ink conduit 68 
in the case of creation of the medium dot than in the 
case of creation of the small dot as clearly understood 
^5 from the states of the meniscus shown in Fig. 7. The ink 
droplet IPm for the medium dot accordingly has a higher 
jet than the ink droplet IPs for the small dot. Namely 
there is a difference in jet speed between these two 
types of ink droplets. Regulation of the scanning speed 
20 of the carriage 31 in the main scanning direction and the 
timings for successively ejecting the ink droplet IPs for 
the small dot and the ink droplet IPm for the medium dot 
according to the distance between the carriage 31 and 
the printing paper P enables bo\h the ink droplets to 
25 reach the printing paper P at a substantially identical tim- 
ing. In this manner, the embodiment creates a large dot 
having the greatest dot size with the two driving wave- 
forms shown in the upper part of Fig. 8. 
[0059] In this embodiment, only the two types of dots, 
30 the large dot and the small dot, are used for printing 
among the three different types of dots, for the simplicity 
of the control. All the three different types of dots may, 
however, be used for printing images. The size of the 
small dot is substantially equal to the recording pitch of 
3S dots in the sub-scanning direction in this embodiment. 
As clearly shown in Fig. 15, the size of the small dot is 
substantially equal to but more precisely, very slightly 
greater than the length of one side of each pixel. 
[0060] - The following describes the internal structure 
40 of the control circuit 40 in the printer 22 and the method 
of driving the print head 28 with the plurality of nozzles 
Nz arranged as shown in Fig. 6 in response to the driving 
waveforms discussed above. Fig. 9 illustrates the inter- 
nal structure of the control circuit 40. The control circuit 
45 40 includes a CPU 41, a PROM 42, a RAM 43, a PC 
interface 44 that transmits data to and from the compu- 
ter 90, a peripheral equipment input-output unit (PIO) 
45 that transmits signals to and from the peripheral 
equipment, such as the sheet feed rriotor 23, the car- 
50 riage nrrator 24, and the control panel 32, a timer 46 that 
counts the time, and a drive buffer 47 that outputs dot 
on-off signals to the ink ejection heads 61 through 66. 
These elements and circuits are mutually connected via 
a bus 48. The coritrol circuit 40 further includes an os- 
55 cillatorSI that outputs driving waveforms at selected fre- 
quencies (see Fig. 8) and a distributor 55 that distributes 
the outputs from the oscillator 51 to the ink ejection 
heads 61 through 66 at selected-tiiaDings. The control 
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circuit 40 receives dot data processed by the computer 
90. temporarily stores the processed dot data in the 
RAM 43, and outputs the dot data to the drive buffer 47 
at a preset timing. 

[0061] Each nozzle array on one of the ink ejection s 
heads 61 through 66 Is arranged in a circuit that includes 
the drive buffer 47 as the source and the distributor 55 
as the sink. The piezoelectric elements PE correspond- 
ing to the nozzles included in the nozzle array have one 
electrodes respectively connected to the output termi- 
nals of the drive buffer 47 and the other electrodes col- 
lectively connected to the output terminal of the distrib- 
utor 55. The driving waveforms of the oscillator 51 are 
output from the distributor 55. When the CPU 41 outputs 
the dot on/off signals of the respective nozzles to the 
terminals of the drive buffer 47, only the piezoelectric 
elements PE receiving the ON signal from the drive buff- 
er 47 are driven in response to the output driving wave- 
forms. The ink particles Ip are thus ejected from the noz- 
zles corresponding to the piezoelectric elements PE that 
have received the ON signal from the drive buffer 47. 
The voltage as the driving waveform is applied to the 
piezoelectric elements corresponding to all the nozzles, 
irrespective of creation or non-creation of dots. Regula- 
tion of the voltage output from the drive buffer 47 with 
regard to each nozzle controls the effectiveness or in- 
effectiveness. of the driving waveform for each nozzle. 
[0062] The ink ejection heads 61 through 66 are ar- 
ranged in the moving direction of the carriage 31 as 
shown in Fig. 6, so that the respective nozzle arrays 
reach a specific position on the printing paper P at dif- 
ferent timings. Although not being illustrated, a delay cir- 
cuit is mounted on the output side of the distributor 55. 
The driving waveform is output at a specific timing that 
aligns the positions of dots in the main scanning direc- 
tion formed by the respective nozzles according to the 
positional difference between the corresponding noz- 
zles included in the ink ejection heads 61 through 66 
and the scanning speed of the carriage 31 . The CPU 41 
accordingly outputs the dot on-off signals at required 
timings via the drive buffer 47 to create the dots of the 
respective colors by taking into account the positional 
difference between the corresponding nozzles included 
in the ink ejection heads 61 through 66. The CPU 41 
also controls the output of the dot on-off signals by con- 
sidering the two-line arrangement of each nozzle array 
on each of the ink ejection heads 61 through 66 as 
shown in Fig. 6. 

[0063] In the printer 22 of the embodiment having the 
hardware structure discussed above, while the sheet 
feed motor 23 feeds the sheet of paper P (hereinafter 
referred to as the sub-scan), the carriage motor 24 
drives and reciprocates the carriage 31 (hereinafter re- 
ferred to as the main scan), simultaneously with actua- 
tion of the piezoelectric elements PE on the respective 
ink ejection heads 61 through 66 of the print head 28. 
The printer 22 accordingly sprays the respective color 
inks to create dots and thereby forms a multi-color im- 



age on the sheet of paper P 

[0064] In this embodiment, the printer 22 has the head 
that uses the piezoelectric elements PE to eject Ink as 
discussed previously. The printer may, however, adopt 
another technique for ejecting ink. One altematlve struc- 
ture of the printer supplies electricity to a heater installed 
in an ink conduit and utilizes the bubbles generated in 
the ink conduit to eject ink. 



[0065] Fig. 10 is a flowchart showing a dot creation 
control routine executed in this embodiment. The dot 
creation control routine is carried out by the CPU 81 of 
the computer 90. 

[0066] When the program enters the routine, the CPU 
81 first inputs image data and specified printing condi- 
tions at step SI 00. The image data input here are trans- 
mitted from the application program 95 shown in Fig. 2 
and have 256 tone values in the range of 0 to 255 with 
regard to the colors R, G, and B for the respective pixels 
included in an image. The resolution of image data is 
varied, for example, with a variation in resolution of the 
original image data ORG. The printing conditions in- 
clude the type of printing paper, the specification of 
whether or not color printing is carried out, and the spec- 
ification of execution or non-execution of printing ac- 
cording to the overlap method. 

[0067] The CPU 81 then converts the resolution of the 
input image data into the printing resolution of the printer 
22 at step SI 05. In the case where the resolution of the 
image data is lower than the printing resolution, linear 
interpolation is applied to create a new piece of data be- 
tween adjoining pieces of the existing original image da- 
ta and thereby implement conversbn of the resolution. 
In the event that the resolution of the image data is high- 
er than the printing resolution, on the contrary, existing 
pieces of the original image data are skipped at a certain 
ratio, for the purpose of conversion of the resolution. The 
process of converting the resolution is not essential in 
this embodiment, and printing may be carried out with- 
out the conversion of the resolution. 
[0068] The CPU 81 subsequently carries out a color 
correction process at step S110. The color correction 
process converts image data consisting of the tone val- 
ues of R, G, and B into data consisting of the tone values 
of C, M, Y, and K, which are colors used in the printer 
22. The color correction process refers to the color cor- 
rection table LUT (see Fig. 2), which stores a combina- 
tion of C, M, Y, and K that enables the printer 22 to ex- 
press the color specified by each combination of R, G, 
and B- A variety of known techniques are applicable to 
the color correction process using the color correction 
table LUT For example, the interpolation technique may 
be applied for the color correction process. 
[0069] The CPU 81 causes the color-corrected image 
data to be subjected to a multi-valuing process at step 
8200- The multi-valuing process coav erts the tone value 
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of the original image data (expressed by 256 tones in 
this embodiment) into the tone value expressible by the 
printer 22 with regard to each pixel. As discussed later, 
the multi-valuing process carried out in this embodiment 
converts 256 tones into Stones, 'creation of no dot', 'cre- 
ation of a small dot', and 'creation of a large dot'. The 
multi-valuing process may, however, implement conver- 
sion into a greater number of tones. The details of the 
multi-valuing process executed in this embodiment are 
described with the flowchart of Fig. 11 . 
[0070] When the program enters the multi-valuing 
process, the CPU 81 first inputs image data CD and 
printing conditions at step S210. The image data CD in- 
put here have been subjected to the color correction 
(step S1 1 0 in the flowchart of Fig. 1 0) and have the tone 
values expressed by 256 tones with regard to the colors 
C, M, Y, and K for each pixel. 

[0071] The process sets level data LVL of the large 
dot with respect to the input image data CD at step S220. 
The procedure of setting the level data LVL of the large 
dot is described with the drawings of Figs. 1 2A and 1 2B. 
Fig. 12A is a graph showing the recording ratios of the 
large dot and the small dot plotted against the tone val- 
ue. In the graph of Fig. 12A, a curve SD shown by the 
solid line represents the recording ratio of the small dot 
and a curve LD shown by the dotted line represents the 
recording ratio of the large dot. The dot recording ratio 
implies the ratio of dots created in a solid area having a 
fixed tone value to pixels included in the solid area 
[0072] The level data LVL are obtained by converting 
the dot recording ratios into 256 level values in the range 
of 0 to 255. The process of step S220 reads the level 
data LVL corresponding to the tone values of the input 
image data CD from the curve LD. When the tone value 
of the Image data CD is equal to gr as shown in Fig. 1 2A, 
for example, the level data LVL is read to be Id from the 
curve LD. The actual procedure stores the curve LD in 
advance as a one-dimensional table into the ROM 82 
and refers to the table to determine the level data LVL. 
This one-dimensional table corresponds to the dot per- 
cent table DT shown in Fig. 1. 

[0073] This embodiment provides different tables for 
the six different color inks and for the respective combi- 
nations of printing conditions. Fig. 12B shows an image 
of arrangement of the tables provided for each color ink 
in this embodiment. There are four options of the printing 
paper, and four tables are thereby provided according 
to the four options of the printing paper In a similar man- 
ner, there are two options of the printing resolution, and 
two tables are provided according to the two options of 
the printing resolution. There are three options of the 
number of main scans required for fomnation of each 
raster line, that is, the number of passes, and three ta- 
bles are provided according to the three options of the 
number of passes. The printing conditions are specified 
by each combination of these options. Namely a total of 
24 (4X2X3) different types of dot percent tables DT are 
provided in this embodiment. The process of step S220 



sets the level data LVL using the table that corresponds 
to the printing conditions input at step S210 and is se- 
lected among these 24 different dot percent tables DT. 
The relationship between the printing conditions and the 
5 dot recording ratio will be discussed later 

[0074] The level data LVL of the large dot set in the 
above manner is compared with a threshold value THL 
with respect to each pixel at step S230. The process of 
step S230 accordingly determines the onoff state of the 
10 large dot in each pixel by the dither method. Different 
threshold values THL are set for the respective pixels 
according to a dither matrix. This embodiment uses a 
blue noise matrix where the values of 0 to 255 appear 
in the pixels included in a 16x16 square. 
[0075] Fig. 13 shows the concept of determining the 
on-oft state of dots by the dither method. The process 
compares the level data LVL of the respective pixels with 
the corresponding threshold values THL in the dither ta- 
ble. When the level data LVL is greater than the thresh- 
20 old value THL of the dither table in a certain pixel, the 
dot is set in the on state in the pixel. When the level data 
LVL is not greater than the threshold value THL in a cer- 
tain pixel, on the other hand, the dot is set in the off state 
in the pixel. The hatched pixels in Fig. 13 represent the 
2S pixels in which the dot is set in the on state. 

[0076] In the case where the level data LVL of the 
large dot is greater than the threshold value THL in a 
certain pixel at step S230, the program determines that 
the large dot is to be created in the pixel. The CPU 81 
30 accordingly sets a binary number 11 to a variable RE 
that represents a resulting value at step S280. The re- 
spective bits in the resulting value RE correspond to the 
on-off conditions of the driving waveforms W1 and W2 
shown in Fig. 8. When the resulting value RE equal to 
3S 11 is transferred to the drive buffer 47. the printer 22 
ejects ink droplets in response to both the driving wave- 
forms W1 and W2 to create a large dot. 
[0077] - In the case where the level data LVL of the 
large dot is not greater than the threshold value THL in 
40 a certain pixel at step S230, on the other hand, the pro- 
gram determines that the large dot is not to be created 
in the pixel. The CPU 81 accordingly proceeds to step 
S240 to set level data LVS of the small dot. The level 
data LVS of the small dot are read from the dot percent 
45 table DT shown in Fig. 12 according to the tone values 
and the printing conditions. The procedure of setting the 
level data LVS of the small dot is identical with that of 
setting the level data LVL of the large dot. 
[0078] The process then compares the level data LVS 
50 of the small dot with a threshold value THS to determine 
the on-off state of the small dot in each pixel at step 
S250. While the same process as that for the large dot 
is applied to detemnine the on-off state of the small dot, 
the threshold values THS used for the determination 
ss with regard to the small dot are different from the thresh- 
old values THL used for the determination with regard 
to the large dot. 

[0079] In the event that the sani^^her matrix is used 
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to determine the on-off state of both the large dot and 
the small dot, the pixels that are probably set in the on 
state with regard to the large dot often coincide with 
those with regard to the small dot. Namely when the 
large dot is set in the off state in a certain pixel, it is highly 
probable that the snnall dot is also set in the off state in 
the same pixel. This may result in undesirably making 
the actual recording ratio of the small dot lower than a 
desired recording ratio. In order to avoid this problem, 
the procedure of this embodiment uses the different 
dither matrixes for the large dot and the small dot. This 
makes the positions of the pixels that are probably set 
in the on state with regard to the large dot different from 
those with regard to the small dot, thereby ensuring cre- 
ation of both the large dot and the small dot in an appro- 
priate manner This embodiment uses a dither matrix 
TM shown in Fig. 14 for the large dot and another dither 
matrix UM, which is obtained by symmetrically shifting 
the respective threshold values or elements of the dither 
matrix TM in the sub-scanning direction as shown in Fig. 
14, for the small dot. Although 4x4 matrixes are shown 
in Fig. 14 for convenience of illustration, the procedure 
of this embodiment actually uses 64x64 matrixes as 
mentioned previously. In accordance with another pos- 
sible application, completely different dither matrixes 
may be used for the targe dot and the small dot. 
[0080] In the case where the level data LVS of the 
small dot is greater than the threshold value THS in a 
certain pixel at step S250, the program determines that 
the small dot is to be created in the pixel. The CPU 81 
accordingly sets a binary number 1 0 to the resulting val- 
ue RE at step S270. When the resulting value RE equal 
to 10 is transferred to the drive buffer 47, the driving 
waveform W2 is masked and the printer ejects an ink 
droplet in response to only the driving waveform W1 
shown in Fig. 8 and thereby creates a small dot. In the 
case where the level data LVS of the small dot is not 
greater than the threshold value THS in a certain pixel 
at step S250, on the other hand, the program deter- 
mines that the small dot is not to be created in the pixel. 
The CPU 81 accordingly sets a binary number 00 to the 
resulting value RE at step S260. When the resulting val- 
ue RE equal to 00 is transferred to the drive buffer 47, 
both the driving waveforms W1 and W2 are masked and 
the printer 22 does not create any dot. 
[0081] The above procedure determines which type 
of the dot is to be created in each pixel. The CPU 81 
repeats the processing of steps S220 through S280 until 
the processing is completed for all the pixels at step 
S290. When the processing has been concluded for all 
the pixels, the program exits from the multi-valuing proc- 
ess shown in the flowchart of Fig. 11 and returns to the 
dot creation control routine shown in the flowchart of Fig. 
10. 

[0082] Referring back to the flowchart of Fig. 10, the 
CPU 81 carries out rasterization at step S300, The ras- 
terization rearranges data for one raster line in a se- 
quence of data transfer to the print head 28 of the printer 



22. There are a variety of recording modes, in which the 
printer 22 forms raster lines. In the simplest mode, all 
the dots included in each raster line are created by one 
main scan of the print head 28 in the forward direction. 

5 In this case, the data for one raster line are output to the 
print head 28 in the sequence of the processing. Another 
possible mode is the overlap mode. In the overlap mode, 
for example, the first main scan creates alternate dots 
in each raster line, and the second main scan creates 

10 the residual dots in the raster line. In this case, each 
raster lines if formed by two main scans. When the over- 
lap mode is applied for recording, it is required to pick 
up the alternate dots in each raster line and transfer the 
corresponding data to the print head 28. The rasteriza- 

15 tion of step S300 accordingly creates the dots to be 
transferred to the print head 28 according to the record- 
ing method adopted in the printer 22. The detailed proc- 
ess of the rasterization is specified corresponding to the 
printing conditions input at step S100. After the rasterj- 

20 zation, the CPU 81 outputs the data, which are printable 
by the printer 22, to the printer 22 at step S310. The 
printer 22 receives the transferred data and creates the 
corresponding dots in the respective pixels to print an 
image. 

25 [0083] The following describes the process of setting 
the dot recording ratio in this embodiment. The record- 
ing ratios of the small dot and the large dot are set to 
express the respective tone values by taking into ac- 
count the possible occurrence of banding. Fig. 15 shows 

30 a state of dot creation at a certain recording ratio. The 
rectangle shown on the left side of Fig. 15 represents a 
head with five nozzles. The open circles shown on the 
right side represent small dots. In the example of Fig. 
15, ink is ejected in oblique directions from some of the 

35 nozzles on the head, so that the positions of the dots 
created by such nozzles are deviated from the expected 
positions. In the illustrated example, the positions of the 
dots created by the first nozzle and the second nozzle 
are deviated from the expected positions. 

40 [0084] In the case where small dots are recorded at 
a low recording ratio as shown in Fig. 15= there are rel- 
atively many gaps between rows of dots. In other words, 
there are relatively many pixels in which no dots are cre- 
ated. This makes the banding, which is caused by the 

^5 deviation of the dot recording positions, relatively incon- 
spicuous. In the example of Fig. 15, the presence of a 
gap B2, which is ascribed to the low recording density 
of dots, makes a banding 81 inconspicuous. 
[0085] Fig. 16 shows a state of dot creation at a little 

50 greater recording ratio. The hatched circles in Fig. 16 
represent dots newly created in addition to the dots of 
Fig. 15. An increase in recording density of dots lessens 
the number of gaps between rows of dots and makes 
the banding rather conspicuous. In the example of Fig. 

55 16, the presence of the hatched dots eliminates the gap 
B2, which is observed in the example of Fig. 15. This 
makes the banding B1 appear as the gap between rows 
of dots and easily recognizabl^jadth naked eyes as 
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shown in Fig. 16. Fig. 16 shows only one example, and 
dots created at the identical recording ratio may have a 
pattern that makes the banding B1 relatively inconspic- 
uous. The increase in recording ratio of the small dot 
generally makes the banding conspicuous, because of 
the reason discussed above. By taking into account the 
granularity of a printed image, on the other hand, it is 
preferable to increase the proportion of the small dot, 
which is not readily recognizable with naked eyes. There 
is, however, an upper limit in increased recording ratio 
of the small dot, in order to prevent the occurrence of 
banding and ensure the high picture quality. 
[0086] In an area of relatively low tones, only small 
dots are created. When the tone value increases to nat- 
urally increase the recording ratio of the small dot, the 
banding is made to be conspicuous at or above a certain 
tone value. In this embodiment, the certain tone value 
is set as a limit tone value, up to which only small dots 
are used for recording. In the concrete example dis- 
cussed above, the limit tone value is present between 
the tone value expressed by the recording ratio of Fig. 
15 and the tone value expressed by the recording ratio 
of Fig. 16. The limit tone value is equal to a tone value 
g1 in the dot percent table DT shown in Fig. 12. DS1 
denotes a limit recording ratio of the small dot specified 
against the limit tone value g1 . 

[0087] At the tone values of not less than g1 , it is re- 
quired to mix large dots with small dots, in order to pre- 
vent the occurrence of the conspicuous banding. The 
limit recording ratio DS1 is adopted in the case where 
only small dots are used for recording. When large dots 
are mixed with small dots, the recording ratio of the small 
dot can be heightened without causing the conspicuous 
banding. Fig. 1 7 shows a state of dot creation in the case 
where large dots are mixed with small dots. The hatched 
circles in Fig. 17 represent dots newly created in addi- 
tion to the dots of Fig. 15. The large-diametral dot rep- 
resents a large dot. In this example, the density ex- 
pressed by one large dot coincides with the density ex- 
pressed by two small dots. The dots of Fig. 17 as the 
whole area accordingly express the same density as 
that of Fig. 16. 

[0088] The method of mixing large dots with small 
dots as shown In Fig. 17 keeps the banding inconspic- 
uous even if the recording ratio of the small dot increas- 
es. This is ascribed to the greater size of the large dot. 
Even if there is a deviation of the dot recording positions 
as shown in Fig. 17, the greater size of the large dot 
eliminates the gap between adjoining rows of dots. In 
the case of a low recording ratio of the large dot, the 
banding is made to be conspicuous because of the rea- 
son discussed above with the drawings of Figs. 1 5 and 
16. In the area of the tone values of not less than g1 
where large dots are mixed with small dots, the record- 
ing ratios of the small-dot and the large dot are set to 
satisfy the three conditions, that is, to express each tone 
value, to avoid the occurrence of banding, and to im- 
prove the granularity of the printed image. 



[0089] The following describes one concrete proce- 
dure of setting the recording ratios. In this example, it is 
assumed that the recording ratios are set against a cer- 
tain tone value g2. The recording ratio of the large dot 
s is set equal to a value DL1 as a first setting. Setting the 
recording ratio of the large dot automatically determines 
the recording ratio of the small dot required to express 
the tone value g2. The procedure creates dots at the 
preset recording ratios of the large dot and the small dot 
10 and determines whether or not a conspicuous banding 
occurs. From the viewpoint of the improved granularity, 
it is preferable that the small dot has a greater recording 
ratio. In the case where no banding occurs at the first 
setting, a value that is a little lower than the first value 
15 DL1 is set to the recording ratio of the large dot as a 
second setting. When a banding occurs at the first set- 
ting, on the other hand, it is required to lower the record- 
ing ratio of the small dot. A value that is a little greater 
than the first value DL1 is accordingly set to the record- 
20 ing ratio of the large dot as the second setting. In this 
manner, the recording ratio that satisfies the three con- 
ditions mentioned above, that is, the conditions regard- 
ing the tone expression, the inconspicuous banding, 
and the improvement in granularity, is refined consecu- 
tively. The procedure of this embodiment carried out 
such setting at some tone values and smoothly joined 
them to obtain the curves of the recording ratios shown 
in Fig. 12. 

[0090] As described previously, this embodiment pro- 
vides the different dot percent tables DT for the respec- 
tive combinations of printing conditions. By way of ex- 
ample, Fig. 1 8 shows recording ratios with regard to two 
different types of printing paper among the four options 
of the printing paper in this embodiment. The recording 
ratios shown by the solid cun/es regard the printing pa- 
per on which the dots created by a fixed quantity of ink 
have smaller diameters, that is, the special paper having 
a greater quantity of ink absorption per unit area. The 
recording ratios shown by the dotted curves regard the 
printing paper on which the dots created by the fixed 
quantity of ink have greater diameters, that is, the stand- 
ard paper having a less quantity of ink absorption per 
unit area. When the area of the dot created by a fixed 
quantity of ink is referred to as a rate of dot coverage, 
the former corresponds to the printing paper having a 
low rate of dot coverage and the latter corresponds to 
the printing paper having a high rate of dot coverage. 
The recording ratios regarding the special paper have 
been discussed previously with the graph of Fig. 12A. 
As clearly shown in the graph of Fig. 18, the standard 
paper has the greater recording ratio of the small dot 
than the special paper. The limit tone value with regard 
to the standard paper, at which recording of the large 
dot starts, is equal to a value g3, which is greater than 
the limit tone value g1 with regard to the special paper. 
This is ascribed to the following reason. 
[0091] Fig. 19 shows a state of dot creation on the 
standard paper The symbols in Ei^19 have the same 
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meanings as those explained in Figs. 15 through 17. In 
the example of Fig. 19, small ckjts are created in the 
same pattern as that of Fig. 16. Since the standard pa- 
per has the higher rate of dot coverage than the special 
paper, the respective dots created on the standard pa- 
per have greater diameters than the dots on the special 
paper. This causes a relatively narrow gap B3 in the ex- 
ample of Fig. 19, vjhWe there is a relatively large gap B1 
due to the deviation of the dot recording positions in the 
example of Fig. 16. The frequency of the occurrence of 
banding is lower on the standard paper than on the spe- 
cial paper, when small dots are recorded at a fixed re- 
cording ratio. This widens the range of the tone values 
in which only small dots are created on the standard pa- 
per. According to this reason, in the case of the standard 
paper, the process ot this embodiment sets the limit re- 
cording ratio against a tone value g3, at which recording 
of the large dot starts and up to which only the small dot 
is created, equal to a value DS3, which is greater than 
the limit recording ratio DS1 with regard to the special 
paper. Because of the same reason, after the start of 
recording of the large dot, the standard paper has the 
higher recording ratio of the small dot and the lower re- 
cording ratio of the large dot than the special paper. 
[0092] As described previously, there are four options 
of the printing paper according to the quantity of ink ab- 
sorption in this embodiment. The respective dot percent 
tables DT corresponding to the four options of the print- 
ing paper are set to heighten the recording ratio of the 
small dot with an increase in quantity of ink absorption 
because of the reason discussed above. 
[0093] As described previously, there are two options 
of the printing resolution in this embodiment. The follow- 
ing briefly describes the process ot setting the dot re- 
cording ratio according to the printing resolution. Figs. 
20 and 21 show states of dot creation at different printing 
resolutions. The lattices of the broken line represent pix- 
els in both Figs. 20 and 21. Fig. 20 shows the case of a 
low resolution, and Fig. 21 shows the case of a high res- 
olution. The example of Fig. 21 has the pixels in the lat- 
eral direction double the number of the pixels in the ex- 
ample of Fig. 20. 

[0094] In the case of the low resolutbn (Fig. 20), the 
dot recording positions are limited, so that the positional 
relationship between the adjoining dots is relatively re- 
stricted. This increases the occurrence of the portions 
in which dots are aligned in a regular manner and the 
portions where dots face to each other in the vertical 
direction. These portions make the banding conspicu- 
ous. In the case of the high resolution (Fig. 21), on the 
other hand, there is a high degree of freedom in dot re- 
cording positions. This decreases the occurrence of the 
portions in which dots are aligned in a regular manner 
and the like and makes the banding inconspicuous. In 
the case of the high resolution, the range of tone values 
in which only small dots are created can thus be wid- 
ened. 

[0095] Because of the reasons discussed above, the 



process of this embodiment sets a greater value to the 
limit tone value, at which recording of the large dot 
starts, with an increase in resolution. The dot recording 
ratios may be set according to the resolution as shown 
5 in the graph of Fig. 18. In this case, the curves of the 
solid line regard the case of the low resolutbn and the 
curves of the dotted line regard the case of the high res- 
olution. 

[0096] As described previously, there are three op- 
10 tions of the number of passes required to form each 
raster line in the course of printing in this embodiment. 
The three options in this embodiment include the case 
without the overlap recording (the number of passes 
=1). the case of overlap recording by the number of 
IS passes -2, and the case of overlap recording by the 
number of passes =4. 

[0097] The increase in number of passes means the 
increase in number of nozzles used for formation of 
each raster line. In the case where one raster line is 

20 formed with a plurality of different nozzles, there is a dif- 
ference in deviation of the recording positions of the dots 
on each raster line between the respective nozzles. This 
makes the banding, which is caused by the deviation of 
the dot recording positions, inconspicuous. 

25 [0098] In one example, a certain raster line is formed 
by one pass only with one nozzle A. If ink is ejected in 
an oblique direction from the nozzle A, the recording po- 
sitions of all the dots on the raster line are deviated from 
the expected positions. In another example, a certain 

30 raster line is formed by two passes with two nozzles A 
and B. It is assumed that ink is ejected in an oblique 
direction from the nozzle A but in a normal direction from 
the nozzle B. The recording positions of half the dots on 
the raster line are deviated from the expected positions, 

35 while the residual dots on the raster line are created at 
the expected positions. The banding is accordingly less 
conspicuous in the case of the raster line formation by 
two passes than in the case of the raster line formation 
by one pass. In general, the banding becomes lesscon- 

40 spicuous with an increase in number of divisions of each 
raster line. With an increase in number of divisions of 
each raster line, the range of tone values in which only 
small dots are created is accordingly widened. 
[0099] Because ot the reason discussed above, the 

46 process of this embodiment sets a greater value to the 
limit tone value, at which recording of the large dot 
starts, with an increase in number of passes. The dot 
recording ratios may be set according to the number of 
passes as shown in the graph of Fig. 18. In this case, 

so the curves of the solid line regard the recording ratios in 
the case of the less number of passes and the curves 
of the dotted line regard the recording ratios in the case 
of the greater number of passes. 
[0100] As described previously with Fig. 6, this em- 

55 bodiment provides the higher-density ink and the lower- 
density ink with regard to cyan and magenta. The curves 
of dot recording ratios as shown in Fig. 1 2 are set for 
the respective inks. The dot rec orcjipg ratios with regard 
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to cyan, light cyan, magenta, and light magenta are thus 
set according to the respective combinations of the 
printing conditions. The following describes the dot re- 
cording ratios with regard to the higher-density ink and 
the lower-density ink having the same hue. 
[0101] Fig. 22 is a graph showing the dot recording 
ratios of the lower-density ink (light ink) and the higher- 
density ink (deep ink). The graph of Fig. 22 is set corre- 
sponding to a certain printing condition. The higher-den- 
sity ink is generally used for relatively high tone values, 
that is, for relatively dark portions in the printed image. 
As clearly seen from the graph of Fig. 22, the recording 
ratios of the deep small dot and the deep targe dot are 
equal to zero in the area of low tone values. 
[0102] In a certain range of tone values where the 
deep ink is used for creation of dots, before a specific 
type of dots are created with the higher-density ink, a 
large number of dots have already been created with 
the lower-density ink. As shown in Fig. 22, at a specific 
tone value where recording of the deep small dot starts, 
light small dots and light large dots have already been 
recorded at certain recording ratios. Even if there is a 
deviation of the recording positions of dots created with 
the deep ink, the large number of dots created with the 
light ink make the banding inconspicuous. This is be- 
cause there is a possibility of creating light large dots to 
compensate for the deviation of the recording positions 
of the deep small dots. In the area of low tone values 
where only light small dots are created, on the other 
hand, the deep ink is not used for creation of dots. The 
above effect is accordingly not expected and there may 
be a conspicuous banding in the area of low tone values. 
[0103] Based on the reason discussed above, as 
shown in Fig. 22, the process of this embodiment sets 
a recording ratio DDK of the deep small dot against a 
limit tone value gdk, at which recording of the deep large 
dot starts, to be greater than a recording ratio DLT of the 
light small dot against a limit tone value git, at which re- 
cording of the light large dot starts. The possibility of the 
occurrence of banding depends upon not only the den- 
sity of ink but the hue. As described with Fig. 6, this em- 
bodiment provides six color inks. When dots are created 
at a fixed recording ratio, the banding is more conspic- 
uous in some of the colors and less conspicuous in other 
colors. This embodiment sets the dot recording ratios 
(see Fig. 1 2) for the respective color inks by taking into 
account this point. 

[0104] The printing system of this embodiment sets 
the dot recording ratios corresponding to the variety of 
printing conditions by taking into account the possibility 
of the occurrence of banding. This arrangement pre- 
vents the conspicuous banding from appearing under 
any printing condition. The method of setting the record- 
ing ratio of a specific type of dot according to the printing 
condition enables recording of the small dot at a maxi- 
mum recording ratio that is allowable in the range where 
banding does not occur with regard to the printing con- . 
dition. The printing system of this embodiment thus pre- 



vents the occurrence of banding and ensures the high 
picture quality of the resulting printed image, while keep- 
ing the favorable granularity of the printed image, with 
respect to each printing condition. 
5 [0105] In this embodiment, the dither method is adopt- 
ed in the multi-valuing process. A variety of other meth- 
ods, for example, the error diffusion method, are, how- 
ever, applicable to the multi-valuing process. The above 
embodiment specifies the twenty-four printing condi- 
10 tions as the combinations of the three elements, the 
printing medium, the resolution, and the number of 
passes. The printing conditions may olhenwise be spec- 
ified as combinations of a greater number of elements. 
Alternatively the number of options regarding each ele- 
^5 ment may be increased; for example, the options of the 
printing medium may be increased. 
[0106] In the above embodiment, the dot recording ra- 
tio is set according to the printing condition. In one mod- 
ified arrangement, the recording ratio may be set to a 
20 fixed value, regardless of the difference in some ele- 
ments of the printing condition. By way of example, the 
dot recording ratio may be set only corresponding to 
specific elements that remarkably improve the picture 
quality with a variation in dot recording ratio, among a 
25 variety of elements that specify the printing condition. 
This modified arrangement saves the storage capacity 
for storing the dot percent tables. This arrangement also 
shortens the time period required for referring to the dot 
percent table in the multi-valuing process and thereby 
30 improves the processing speed as a whole. 

[0107] The above embodiment regards the printer 
that enables three-valued expression for each pixel by 
creating two different types of dots, that is, the large dot 
and the small dot. The principle of the present invention 
3S may however, be applied to the other multi-value print- 
ers that enable expression of a greater number of tone 
values. The principle of the invention is also applicable 
to the printers that enable creation of a greater number 
of different types of dots having different sizes and to 
40 the printers that enable creation of dots with a greater 
number of different inks having different densities. The 
embodiment relates to the ink jet printer with piezoelec- 
tric elements. The principle of the present invention is 
also applicable to a variety of printers and other printing 
45 apparatuses, for example, a printer that supplies elec- 
tricity to a heater attached to the nozzles and utilizes the 
bubbles generated in the ink to eject ink. 
[0108] The printing system described above includes 
the processes implemented by the computer, such as 
^o the processes shown in the flowcharts of Figs. 10 and 
11. One possible application of the present invention is 
accordingly a recording medium, in which a program for 
attaining the processing is recorded. Typical examples 
of the recording media include flexible disks, CD-ROMs, 
55 magneto-optic discs, IC cards, ROM cartridges, 
punched cards, prints with barcodes or other codes 
printed thereon, internal storage devices (memories like 
a RAM and a ROM) and extemal^glQfage devices of the 
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computer, and a variety of other computer readable me- 
dia. Still another application of the invention is a program 
supply apparatus that supplies a computer program, 
which causes the computer to carry out the image 
processing and other processes discussed above, to 
the computer via a communication path. 
[0109] The present invention is not restricted to the 
above embodiment or its modifications, but there may 
be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main 
characteristics of the present invention. For example, a 
variety of control operations discussed above in the em- 
bodiment may be partly or totally attained by a hardware 
configuration. 

[0110] The scope and spirit of the present invention 
are limited only by the terms of the appended claims. 



Claims 

1. A piint-jr with a head having a plurality of nozzles 
l^t crvibto creation of at least two different types 
of 0:ii:> hn.'tnq different sizes, said printer determin- 
inq oi :hc at least two different types of dots 
10 tc be c f c. itcd in each pixel according to a printing 
concJtttci md a tone value of image data and cre- 
Hiiriq ODtv. bnsod on a result of the determination 
wtifi SriicJ r end thereby printing an image on a print- 
inri mortiuTi said printer comprising: 

rt mcrx>ry unit that stores relations between the 
f ocording ratio of each type of dot and the tone 
vrt uc with regard to printing conditions; 
H printing condition input unit that inputs a spec- 
ified printing condition;and 
a decision unit that determines whether or not 
each type of dots is to be created in each pixel, 
based on the recording ratio corresponding to 
the specified printing condition stored in said 
memory unit, 

wherein different values are set to a limit re- 
cording ratio of a specific type of dot, which is 
selected among the at least two different types 
ol dots and enables independent expression of 
a ccriarn tone value, corresponding to the print- 
ing conditions, and the limit recording ratio is 
speciliod against a limit tone value, at which a 
lecoiding ratio of another type of dot having a 
greatei size than the specific type of dot prac- 
tically starts recording to have a significant val- 
ue as a recording ratio thereof, 

2. A printer in accordance with claim 1 , wherein the 
specific type of dot has a size that is substantially 
identical with a dot pitch in printing. 

3. A printer in accordance with claim 1, wherein the 
limit recording ratio is set based on a possibility of 
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occurrence of banding. 

4. A printer in accordance with claim 1. wherein the 
specified printing condition is the size of a dot cre- 
ated with a certain quantity of ink on said printing 
medium, and 

the recording ratio of the specific type of dot in- 
creases with an increase in size of the dot. 

5. A printer in accordance with claim 1 , said printer fur- 
ther comprising: 

a unit that causes each raster line, which is an 
array of dots aligned in one direction on said 
printing medium, to be formed by a plurality of 
divisional scans with said head, and carries out 
a sub-scan that moves said printing medium 
relative to said head in a direction that crosses 
the direction of the alignment of dot in the raster 
line, in order to enable each raster line to be 
formed with different nozzles, 
wherein the specified printing condition is a 
number of divisional scans required for forming 
each raster line, and the recording ratio of the 
specific type of dot increases with an increase 
in number of divisional scans. 

6. A printer in accordance with claim 1 , wherein the 
specified printing condition is a printing resolution, 
and the recording ratio of the specific type of dot 
increases with an increase in printing resolution. 

7. A printer in accordance with claim 1 , wherein said 
head enables creation of the at least two different 
types of dots having different sizes with inks of dif- 
ferent densities having an identical hue, and 

the recording ratio of the specific type of dot is 
set for each ink having a different density. 

8. A printer in accordance with claim 7. wherein the 
recording ratio of the specific type of dot increases 
with an increase in density of ink. 

9. A printer in accordance with claim 1, wherein said 
head enables creation of the at least two different 
types of dots having different sizes with inks of dif- 
ferent hues, and 

the recording ratio of the specific type of dot is 
set for each ink having a different hue. 

10. A printer with a head having a plurality of nozzles 
that enable creation of at least two different types 
of dots having different sizes, said printer determin- 
ing which of the at least two different types of dots 
is to be created in each pixel^acpording to a speci- 
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fied printing condition and a tone value of image da- 
ta and creating dots based on a result of the deter- 
mination with said head, thereby printing an image 
on a printing medium, 

wherein the at least two different types of dots 
include a specific type of dot having a size that 
is substantially identical with a dot pitch in print- 
ing, and 

a limit recording ratio of the specific type of dot 
is specified against a limit tone value, at which 
a recording ratio of another type of dot having 
a greater size than the specific type of dot prac- 
tically starts recording to have a significant val- 
ue as a recording ratio thereof, and is set cor- 
responding to each of pnnting conditions by 
taking into account a possibility of occurrence 
of banding. 

A computer program that causes a computer to gen- 
erate data, which are supplied to a printer that cre- 
ates at least two different types of dots having dif- 
ferent sizes and prints an image, based on input im- 
age data, 

said computer program comprising: 
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15. A computer program in accordance with claim 11, 
said computer program causing the computer to 
generate data, which are supplied to said printer 
that creates the at least two different types of dots 
having different sizes with inks of different densities 
having an identical hue and prints an image, and 

the limit recording ratio included in the specific 
data increases with an increase in density of 
ink. 

16. A recording medium, in which a computer program 
is recorded, said computer program causing a com- 
puter to generate data, which are supplied to a print- 
er that creates at least two different types of dots 
having different sizes and prints an image, based 
on input image data, 

wherein said computer program in accordance 
with any one of claims 11 through 15 is record- 
ed in said recording medium. 



at least specific data that specify relations be- 
tween the recording ratios of the respective 
types of dots and the tone value corresponding 
to printing conditions, the specific data com- 30 
prising different values set to a limit recording 
ratio, up to which only a specific type of dot that 
is selected among the at least two different 
types of dots and enables independent expres- 
sion of a certain tone value is recorded, corre- 35 
spending to the printing conditions, 
said computer program causing the computer 
to attain the functions of: 
inputting a tone value of each pixel and a print- 
ing condition; and 40 
specifying each type of dots to be created in 
each pixel based on the input tone value and 
the input printing condition, in order to attain the 
recording ratio stored in the specific data. 

45 

12. A computer program in accordance with claim 11, 
wherein the limit recording ratio included in the spe- 
cific data increases with an increaise in size of the 
specific type of dot created on said printing medium. 

so 

13. A computer program in accordance with claim 11, 
wherein the limit recording ratio included in the spe- 
cific data increases with an increase in number of 
divisional scans to complete each raster line. 

55 

14. A computer program in accordance with claim 11, 
wherein the limit recording ratio included in the spe- 
cific data increases with an increase in printing res- 
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